Hemo-parasites (HP) are one of the major constraints to the economic development of the livestock industry in Uganda. Generally, the occurrence and importance of HP is a reflection of complex interactions involving the causative organisms, tick vectors, the vertebrate hosts and the environment. We carried out a cross sectional study to identify and determine the prevalence of the major HPs in Central and Western Uganda, to form a baseline for appropriate interventions. A total of 295 bovine samples were analyzed from 15 districts of Uganda; 56.3% being from the Central and 43.7% from the Western region of the country for a period of six months, and a questionnaire was administered to the farmers. Thin peripheral blood smears stained with Giemsa were used during the laboratory identification of the parasites. The disease prevalence was established at 47.4%, 6.7%, 1.9% and 14.4% for Theleria parva, Babesia spp., Trypanasoma brucei, Anaplasma spp. with a corresponding disease risk ratio (DRR) of 67.4%, 9.5%, 2.6%, 20.5% respectively in Uganda. The odds of having an infection from the Central region were 1.7 times greater (P < 0.05) than those from the Western region with a corresponding risk ratio of 1.2 (CI.1.1, 2.84, 95%), which showed that there exist marked differences between the two regions. Mean PCV was at 29.8%, and majority (59%) of infected animals had low PCV which varied across the months. * Corresponding author.
Introduction
Hemo-parasites (HP) are of great economic impact on livestock, affecting 80% of the world's cattle population [1] [2] . In East and Central Africa the major disease with the highest cases of mortality is East Coast fever (ECF) [1] [3] which is caused by Theleria parva, transmitted by Rhipicephalus appendiculatus [4] . Other minor tickborne diseases in cattle include benign theileriosis babesiosis, anaplasma, cowdriosis caused by Theileria mutans [5] , Babesia bigemina, Anaplas mamarginale and Erlichia ruminantium [5] respectively. HP cause economic losses due to high morbidity and mortality [6] [7] , and losses incurred have hindered further advancement of the livestock sector in most developing countries including Uganda [3] . This has further made the attainment of the millennial developmental goals (MDGs), in particular the eradication of extreme poverty and hunger among developing countries elusive [8] . In small livestock, Erlichiosis is a great burden thus limiting productivity despite efforts by the international community in partnership with regional Governments to provide highly productive breeds through improved livestock technologies [9] [10] . The disease is endemic in various parts of Uganda [11] [12] , and there is limited epidemiological data on the disease in this country. Anaplasma marginale and Anaplasma centrale have been detected among livestock in East Africa [1] [5] [13] in both small and large animal populations. These are transmitted by Boophilus decoloratus ticks, and mechanical transmission during herd vaccinations has been reported [14] [15] and Babesia bigemina vectored by Boophilus decoloratus has got a wide geographical distribution in the tropics [16] . Generally, tick-transmitted diseases such as Babesiosis and Theileriosis are of economic importance globally [17] - [19] . HP are a major threat to food security especially among the livestock dependent communities within the Sub Saharan Africa [6] [20] . Recent studies in Uganda [21] - [23] and South Africa [24] have shown that certain wild ungulates such as the Cape Buffalo, have continued to act as reservoirs for some of the HP. This challenge is highly magnified at the wildlife-livestock [21] interface within most rural communities which has further modified the epidemiology of the disease.
The characteristic low-coverage of diagnostic laboratories coupled with poor extension services has hindered development of the livestock industry, since farmers have limited knowledge on the occurrence of the HP. A study [11] in Northern Uganda (Gulu) showed that Theileria and Anaplasma were highly prevalent and mortality attributable to TBDs was evident. In a corresponding study, HP burden was shown to be due to ECF (79%), Anaplasmosis (11%), and Babesiosis (4.4%) [25] . In Eastern Uganda (Soroti), a study [26] indicated Sero prevalence up-to 100% HP burden in Bos indicus to East Coast Fever, Babesiosis and Anaplasmosis. In the Bos indicus (Nkedi Zebu), the prevalence of trypanosome infection was lower (7.9% v. 10.8%; P > 0.05) with the overall mean PCV higher (29.4% v. 28.7%; P < 0.05) than in the Bos indicus (Ankole) [26] . In the Kenya highlands, recent studies [4] [27] [28] demonstrated that prevalence of T. parva infections and the reported ECF mortality and case-fatality can vary significantly by zones and grazing system [29] . In Kenya, intensive/semiintensive smallholder systems [30] were characterized by different management practices at the farm, agroecological level as well as grazing systems [4] . Consequently, they show varying ECF prevalence, incidence and ECF-specific morbidity and mortality rates and Kenya has recently approved ECF vaccination [17] in all production systems, thus farm management can improve on the outcomes of HP burden [31] .
It's generally agreed that control of tick-borne diseases in Sub-Saharan Africa has failed because of lack of epizootiological information and control strategies [3] [32] . These would probably be due to the various social farming challenges at the community interface, controlled by a variety of factors ranging from Government policies, farming technologies, climate change, soil and vegetation to human activities including livestock production systems as well as measures taken to control ticks and treatment interventions done by the farmers. There is still a great lack of knowledge regarding the epidemiology of the increasing HP burden in the region despite the efforts from the regional Governments in the livestock sector to promote the MDGs [8] . In this study we carried out a survey to identify and determine the prevalence of the major HP in Central and Western Uganda. A questionnaire was administered and an on farm drug survey was conducted to determine any relationship between HP distribution and the seasons, farming practices in order to form a baseline for institution of relevant corrective measures within the study areas.
Materials and Methods
This was a cross sectional study carried out (along the cattle corridor of West and Central) from September 2013 to February 2014. A total of 143 farmers from 15 districts in Central (Kampala, Kiboga, Kyankwanzi, Luwero, Lyantonde, Masindi, Mukono, Wakiso) and Western (Fort-portal, Ibanda, Isingiiro, Kamwenge, Kibaale, Kiruhura, and Mbarara districts) were covered. Farms for inclusion were selected through veterinary records from the local Government, accessibility and history of tick borne infections following recent episodes of treatment and acaricide application and an open ended questionnaire along with a drug survey was structured and administered by an interviewer. Adult (≥1.5 years) and yearlings (<1.5 year) were considered, while the major breeds considered were Bos indicus (Ankole, Zebu), Bos taurus (Friesian, Boran, Guernsey, and Jersey). We included all cattle with and without clinical signs of HP infection (ill thrift, anemia, temperature of >40.5˚C) on the farms, those that had been treated within the last 14 days or had undergone acaricide application within the last 7 days, as well as those animals that had not received any chemotherapeutical intervention by the farmer. Thin peripheral blood smears stained with Giemsa were used during the laboratory identification of the parasites. Briefly, blood was collected from the coccygeal vein following effective restraint of the cattle under study using a field improvised crush, from which thin blood smears were prepared in the laboratory. The smears were fixed with methanol, stained with Giemsa and examined under ×1000 magnification with oil immersion. Heparinized blood was placed in micro-hematocrit tubes, and centrifuged at 10,000 rpm for 4 minutes; afterward the PCV was determined using the hematocrit reader. The identified parasites were hence recorded against the respective animal, along with their individual corresponding PCV readings. Data entry was done using Excel version 2010, and analysis by Excel and Epi-Info software. Logistic regression was used to examine the relationship between farmer treatment interventions and the other risk factors thought to be responsible for the observations made. Ethical Approval was got through The College of Veterinary Medicine and Animal resources and Biosecurity.
Results
A total of 295 bovine samples were analyzed; 56.3% from the Central and 43.7% from the Western region of the country over a period of six months (September 2013 to February 2014) at 95% confidence interval as shown in Table 1 .
The mean PCV reading was 29.8%, while the regional readings were 30.5%, 28.8% (SD: 7.9, 8.2) for Central and Western regions respectively as shown in Table 2 . The majority (59%) of the animals that were positive with hemo-parasites (HP) had a PCV below the mean, while 41% among the infected had a PCV above the mean (29.8). It was also discovered that 57.4% among the animals negative with HP, had a PCV > 29.8, while 42.6% had a PCV ≥ 29.8. Of the cattle samples obtained (295), those from the Central region had a higher burden of HP than those from the Western at 61.9% and 38.1% respectively. Infection with HP was highest (70.7%) among Bos indicus while in the Bos taurus it was established at 57.9% from the study area. The HP burden increased steadily across the months as shown in Table 3 . Generally disease burden was higher in farmers that had not attempted any treatment than those that had tried to intervene. Majority (60%) of the farmers used antibiotics, while 30% used anti-protozoan agents, while the rest offered no treatment intervention. HP parasites were detected in cattle samples from farmers that had attempted treatment with anti-protozoan agents (70.7%), and those that had used antibiotics (50.7%), while in farmers that had not attempted any intervention; it was established at 63.9% as shown in Table 3 . In the present study, the disease prevalence was established at 47.4%, 6.7%, 1.9% and 14.4% for T. parva, Babesia spp., T. brucei, Anaplasma spp. with a corresponding disease risk ratio (DRR) of 67.4%, 9.5%, 2.6%, 20.5% respectively for Central and Western regions of Uganda as shown in Table 4 . The odds of having an infection from the Central region were 1.7 times greater than those from the Western region with a corresponding risk ratio of 1.2 (CI.1.10, 2.84, 95%), which showed that there exists marked differences between the two zones as shown in the Table 5 .
There was a significant difference in the odds of exposure and risk of infection between the two regions in the study area (Chi-square p value < 0.01). Prevalence of Theileria and Anaplasma infection in Western region was 56.2% and 24.8%, while that in the Central region was at 40.0%, 6.0% respectively. The Trypanosome prevalence infection was 80% in Western, while it was 20% in the Central region with a corresponding Babesiosis prevalence of 9.9% and 4.0% respectively as shown in Table 6 . The drug survey carried out showed that all the farmers in the respective districts had full access to the antibiotics and anti-protozoan agents as well as acaricides from the regional veterinary drug shops. The odds of having a HP positive cattle following treatment intervention were established at 1.2 times less likely to those from animals that didn't receive treatment by the farmer as shown in Table 7 . Statistical analysis showed there is no significant association between animals that had been treated and those that had not been treated (P = 0.23) by the farmers in this study.
Factors that Would Probably Be Responsible for Differences in the HP Burden in the Two Regions
HP burden was significantly associated with season/month of the year (P < 0.01). In a stepwise logistic regression analysis using variables identified from the bivariate analysis only one variable-Month (Dec/Feb-Odds ratio 6.18; P = 0.02) was independently associated to HP burden. Further analysis of farmer treatment practices on the individual HP prevalence revealed a higher infection rate in treated compared to non-treated bovines as shown in Table 8 . There was no significant difference in the presence of HP and treatment, thus treatment type was not significantly associated with the presence or absence of hemo-protozoan parasites as shown in Table 9 .
Majority (60.4%) of the infected animals were adults, while only 40% of the yearlings were infected as shown in Table 3 and further analysis showed there was no significant association between age and infection (P > 0.05) with HP.
The questionnaire revealed that 100% of the treatments done by farmers were based on their knowledge of the clinical signs without necessarily consulting veterinarians. Among those that relied on veterinarians, 84% were from the Central region while 16% from the Western region of Uganda. 65% of the farmers in the Central region attempted treatment without consulting veterinarians. Farmer treatment therapeutical failures of 50% from both regions were reported. Farmers continue to face a couple of limitations in the industry such as expensive drugs and limited laboratory coverage (100% Central) and limited Government support (83.3%, 16.7%) in the Central and Western regions respectively. The results are further summarized in Table 10 .
Discussion
In this study, more samples ( Table 1) were collected from the Central region probably due to convenience, and demand for laboratory veterinary diagnostic services within these communities. Prevalence of Theileria and Anaplasma infection was highest in Western region from this study, which showed a 50% increment from previous studies in both Northern and Eastern regions of Uganda [1] [11] . It was also shown that infection with Key: T = Taylor Series; C = Cornifield; M = Mid P; F = Fisher Exact. (Table 3) , which is contrary to recent findings [1] [26] that indicated stability in Bos indicus. This would probably due to the farmer management practices in the rural communities which have led to the endemic instability of the parasites in the livestock populations. Generally, in both regions, farmers did offer medications without consultations from veterinarians due to the liberalization of the livestock industry [33] , and they often wait until the condition has deteriorated thus accounting for the increased animal loses due to HP and the steady increase of the their prevalence within Uganda. Overall disease burden was lower in farmers that had not attempted any treatment than those that had tried to intervene. Amongst farmers that attempted treatment, majority of them used antibiotics and anti-protozoa agents, while the rest offered no treatment intervention. HP were detected in cattle samples from farmers that had attempted treatment with anti-protozoan agents (70.7%), which was higher than in those that that claimed to have used antibiotics (50.7%) as shown in Table 3 . The farm surveys also showed that the control of HP and vectors basically relied on the use of anti-protozoan agents as well as (Table 3) antibiotics which concurs with previous findings [12] [34] while some farmers offered no chemotherapeutical treatment. It was also observed that the limited human resource at the regional local Governments was not being fully utilized, thus making disease diagnosis and control further more complicated under the prevailing Government policies, thus contributing to the slow development of the livestock industry through increased animal mortalities and poor farming practices that have culminated into the severe climatic changes in these farming communities as shown in Table 10 . The Government's policy on liberalization [33] , of the drug industry has been a great failure, because, the end point of the policy, was not to improve accessibility, but improve animal health and productivity and from our observations this is still elusive. The findings Table 2 and Table 3 showed that generally, cattle in the Western region are more severely affected by HP than those from the Central region, and PCV alone wouldn't be used as measure of HP presence. Central region had a higher burden of HP than those from the Western ( Table 3) . This would probably be because the Central region lies more within the mixed rain-fed crop-livestock category in Uganda, which has a better climate favorable for farming [6] which would further indicate that the burden of HP. The absence of screening centers for inter-district animal movements against animal diseases in the regions has further escalated the situation [35] . Generally the occurrence and importance of HP is a reflection of complex interactions involving the causative organisms, tick vectors, the vertebrate hosts and the environment [3] . These interactions are driven and modified by a wide variety of factors ranging from the environment, host, and the vectors as well as community farming activities. Trypanosome prevalence infection was four times greater in Western region than in the Central region (Table 6) , which concurs with the findings of Rubaire [12] in Eastern Uganda which showed that prevalence of HP in cattle vary with agro-ecological zones and management [4] [27] in the Kenyan highlands. The Western region is also bordered (Smith et al., 2010 ) by a couple of National Game Parks (NGPs) which continue to act as reservoirs for maintenance [26] and carrier hosts [21] [22] in the regional farms as wildlife and cattle often intermingle during grazing. Human activities especially in the land use pattern of the farming communities around the NGPs, as cattle grazers encroach on the game park pastures have resulted in an increased incidence of the HP [21] . This risk is higher in the Western region, and as communities continue to move long distances in search of water and pastures in the long dry seasons which have been worsened by the climatic changes in the region, probably accounting for the higher observed DRR over that in the Central region.
The current livestock policy [33] has yielded undesirable effects that have continued to undermine the development of the livestock industry (Table 10 ). This has led to the proliferation of the HP burden due to the maintenance of chronic carriers [11] within the communities. This would be due to the fact that most farmers find the services costly and would prefer not allowing the veterinarian to visit them [33] coupled with limited supervision of the veterinary drug industry by National Drug Authority (NDA), which has led to the development of antibiotic and acaricide resistance in the farming communities which has been induced by the farmers. The current dilemma facing the food animal drug use is probably due to the lack of appropriate guidance on proper drug usage, medication to use for a particular parasite, probably due to the poor Government policy in the livestock industry [34] , as well as inadequate supervision of the drug industry (NDA) and ineffective extension service delivery as a result of shortage of professional human resource in these communities. This is further worsened by the poor attitude amongst farmers as they seldom rely on district veterinary laboratories [36] for a diagnosis, to gain a better knowledge on their individual herd challenges before treatment is instituted [11] . This would probably also be due to the few veterinary laboratories in the countryside or the shortage of human resource to operate them at the local Government level, thus leading to the development of this trend in farming practices which have continued to favor the proliferation of HPs within Uganda despite all the various policies in place.
The HP burden increased steadily from September and decreased through January. This would be due to the seasonal variations as the tick population increases exponentially during the rainy season (September to November) and logistic regression showed no significant association for the other months except for the Months of December/February (dry season). This would probably have been due to the vector epidemiological dynamics as the tick (vector) challenge is highest in the rainy seasons, thus the observed increases in the HP challenge, and farmers are often vigilant to intervene and administer treatments. In the dry season, most of the severely challenged animals died due to increased stress levels from water shortage, limited pastures and severe mineral deficiencies in addition to the suppressed immune system as a result of the chronic infections due to HP. Cattle were observed to come down with infection as the dry season intensified (December to February) and more livestock losses were registered from several farms. Statistical analysis showed there was no significant association between cattle that had been treated and those that had not been treated by the farmers in this study. This would probably be due to the fact that farmer treatments are often ineffective due to their failure to seek professional assistance and adherence to dosage regiments, as well as poor diagnosis of HP conditions with other differential infections [11] within the community as they seldom rely on laboratory diagnosis. Cheap antibiotics that don't clear off infection are preferred to anti-HP agents which are relatively expensive. The current Government policy regarding veterinary drug usage has contributed to the development of drug resistance in the cattle in several farms, which has led to the proliferation of HP in the rural communities especially. Farmer treatment efficacy on the individual HP was further analyzed and it was discovered infection rate was higher in treated than nontreated groups as shown in Table 8 . This observation was due to the fact that resistance had developed in the Ugandan cattle to the antibiotics that had overly been abused over the years [37] . There was no association between age and the infection of the cattle with HP despite of the fact that majority of infected animals were adults, which would be due to the fact that adult cattle move great distances in search of pastures and the yearlings are kept nearby the farm thus less exposed to the risk of HP.
The increasing HP burden is attributed to the farming practices, increased antibiotic and acaricide resistance [38] as well as failure by farmers to adhere to the therapeutical regiment for effective treatment, and epidemiological pattern of the dominant ticks in the region [12] as well as the current government policy. The findings, together with those of previous studies, suggest that eradication of hemo-parasites is not feasible unless there are radical changes implemented, and that current practices are expensive and given the indigenous nature of the breeds, also epidemiologically unsound [34] [39] . In addition, veterinary costs for animal health service delivery are apparently high especially following the liberalization [33] of the livestock industry. An ethno-veterinary approach combined with social service delivery to improve on behavioral change on farming practices, and drug usage, improved extension service delivery as well as efficient livestock industry management may be required for the sustainability of the livestock industry to control the increasing HP burden in the farming communities of Uganda and the neighboring East and Central African countries.
Conclusion and Recommendations
The burden of hemo-parasites is steadily increasing across the regions, and the current policies are not helping farmers who are hit the hardest by the development of antibiotic and acaricide resistance. There is an urgent need to design strategic control methods that are integrated in the production systems which would rely on renewable resources within our ecosystem especially for the respective regions along the cattle corridor of Uganda, through improved policy, research and extension service delivery in the livestock sector for the growth and development of the industry. Further research would be carried out to evaluate the Veterinary Public Health concerns that are raised by these threats especially for the promotion of both human and veterinary medical fields within the diaspora. You have been identified as a focal person in this district for the above research being a livestock farmer in cattle production. Kindly fill this questionnaire, which is meant to obtain data on disease burden, farmer treatment interventions, and common drugs that you use in this community. The findings from this research will help you to identify sources for the increasing hemo-parasitic challenge within the Central and Western regions of Uganda. 
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Drug Survey
This survey was carried out to identify the major drugs currently being used by farmers in the management of hemo-parasites on the farms visited.
Generally all farmers had identical challenges using penstrep ® concurrently with OTC ® , with a limited few using OTC ® alone, only during the initial stages of the infection. Few farmers relied on the use of anti-protozoal agents probably due to the high cost attached to them, despite of the fact that they are easily accessible from the drug shops in the communities. 
